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BACKGROUND
The Next Generation Nuclear Plant (NGNP) will be a demonstration of the technical, licensing, operational, and commercial viability of High Temperature Gas-Cooled Reactor (HTGR) technology for the production of process heat, electricity, and hydrogen. This nuclear based technology can provide high-temperature process heat that can be used as a substitute for the burning of fossil fuels for a wide range of commercial applications. The substitution of the HTGR for burning fossil fuels conserves these hydrocarbon resources for other uses, reduces uncertainty in the cost and supply of natural gas and oil, and eliminates the emissions of greenhouse gases attendant with the burning of these fuels.
In the Energy Policy Act of 2005 (EPAct), the Department of Energy (DOE) was tasked with providing a demonstration of this HTGR technology to economically and reliably produce electricity and hydrogen by the year 2021. As the lead nuclear technology development laboratory of the DOE, the Idaho National Laboratory (INL) has initiated the work necessary to complete this task. The results and conclusions of this work define key technical risks and specific requirements that will govern the evaluations and design development required to be completed in continuing NGNP design progression.
This report aids in advancing the design progression of the NGNP, providing bases for interfacing with potential end-users and for obtaining initial input from the NRC to allow future design activities to proceed with regulatory certainty. Final decisions on the operating conditions and configuration of the NGNP including site specific atmospheric dispersion estimates will be established during subsequent design development.
In this evaluation, PAVAN was used to calculate X/Q values at defined downwind distances from hypothetical ground-level and elevated releases using meteorological data from 18 nuclear sites
SCOPE AND BRIEF DESCRIPTION
Regulatory Guide (RG) 1.145 (NRC 1983) provides guidance on calculating atmospheric dispersion (X/Q) estimates for the assessment of the consequences of design basis accidents for nuclear power stations. Such assessments are required under 10 CFR 100 and 10 CFR 52. PAVAN (NUREG/CR-2858) is an atmospheric dispersion model that implements the guidance contained in RG 1.145 (NRC 1983) . PAVAN uses joint frequency distributions (JFDs) of wind direction, wind speed, and atmospheric stability class to estimate X/Q values for specific averaging time periods at specified distances. The model is based on a straight-line Gaussian model that assumes the release rate is constant for the entire period of the release.
DESIGN OR TECHNICAL PARAMETER INPUT AND SOURCES
In this evaluation, PAVAN was used to calculate X/Q values at defined downwind distances from hypothetical ground-level and elevated releases using meteorological data from 18 nuclear sites identified in Table 3 .1. Since the model inputs (i.e., release heights, boundary distances) used in this evaluation are hypothetical, the sites are identified using alpha characters so as to not confuse this evaluation as an actual analysis for any particular site. The sites are ordered with respect to increasing mean wind speed and cover a range of meteorological conditions. In total, 73 years of meteorological data were used in the analysis. Both a ground-level and elevated release are simulated in PAVAN to provide bounds on the estimates of X/Q at defined downwind distances. Ground-level releases result in maximum X/Q's near the release point that decrease monotonically as a function of downwind distance. Elevated releases result in X/Q values that initially increase with downwind distance from the release point, reach a maximum, and then decrease thereafter. For an elevated release, the PAVAN model automatically determines if the maximum X/Q is beyond the boundary; if so, the model conservatively uses the maximum value as the boundary value.
Model Inputs:
PAVAN has basic model input requirements, including release type and height, building dimensions to calculate wake effects, and downwind X/Q evaluation distances (e.g., the EAB or LPZ sector-dependent distances). For this evaluation, both a ground-level and elevated release were used to estimate X/Q at a range of downwind distances from the release, including 400, 800, 1600, 3200, 8000 meters. Because PAVAN has no provision for calculating an effective plume height from buoyancy or mechanical jet effects, an elevated release height of 100 meters was selected. Releases that might occur between ground-level and 100 meters are therefore expected to be bounded by these results. Actual release heights can be calculated using the method of Briggs (1969) 
Assumptions
Building wake-effects were not included, since the building wake acts to increase diffusion and lower the X/Q's, especially close to the release point, this assumption is conservative. The release information used in this evaluation is summarized in Table 5 .1. 
DISCUSSION/ANALYSIS
PAVAN was run for both a ground-level and elevated (100-meter) release using meteorological data from 18 sites identified in Table 1 .1. Estimates of X/Q were made at various distances downwind of the release, including 400, 800, 1600, 3200, 8000 meters.
Following the guidance of RG 1.145 (NRC 1983) , PAVAN calculates X/Q at various percentiles for the 0-2 hour averaging period as well as an overall site annual average. The 50 th and 95 th percentiles form the basis of environmental and safety evaluations, respectively.
A goal for the NGNP is to demonstrate compliance with regulatory dose limits bases on an exclusion area boundary and emergency planning zones boundaries set nominally to 400 meters. This paper presents the development of the atmospheric dispersion (X/Q) estimates for use in calculating doses at this distance and evaluating the resultant X/Q for an 800 meter receptor against X/Q values submitted to the NRC for review as part of Design Control Documentation (DCD) in support of future COL Applications.
For this evaluation, PAVAN was used to calculate X/Q values at defined downwind distances from hypothetical ground-level and elevated releases using meteorological data from 18 nuclear sites with varying meteorological characteristics. X/Q values where calculated for distances of 400, 800, 1600, 3200, and 8000 meters. PAVAN (NUREG/CR-2858) is an atmospheric dispersion model that implements the guidance contained in RG 1.145 (NRC 1983) . PAVAN uses joint frequency distributions (JFDs) of wind direction, wind speed, and atmospheric stability class to estimate X/Q values for specific averaging time periods at specified distances.
The Maximum X/Q values for 400 and 800 meters determined from this evaluation are presented in Table 7 .1. The maximum ground-level X/Q values (typically at 0.5 miles) contained within DCD currently approved or undergoing review for the Generation III LWRs are presented in Table 7 .2. Table 2 .0-1, Rev. 05 ADAMS Accession# ML081820391
As shown in Table 7 .3 the calculated maximum 0-2 hours X/Q value at 800 meters (1.051E-03) corresponds to the values contained in Table 7 .1.
The calculated maximum average annual X/Q values at 800 meters (4.63E-05) also corresponds well and bounds the values contained within the DCDs. Based on this evaluation, the use of the 95% X/Q values presented in this calculation and shown in Table 7 .4 for the 400 meter distance appear reasonable for use for the NGNP scoping calculations for comparison against acceptance criteria for the EAB and LPZ boundaries. The use of the elevated (100 meter) release height X/Q values could be considered for large depressurized loss of forced cooling (DLOFC) events assuming venting of hot gases to the environment, however additional work should be performed to benchmark and incorporate a buoyant gas model into the code. Tables 7.5 through 7.7 summarize X/Q's for the 0-2 hour 50 th percentile, 0-2 hour 95 th percentile, and annual average for a ground-level release. Similarly, Tables 7.8 through 7.10 summarize X/Q's for the 0-2 hour 50 th percentile, 0-2 hour 95 th percentile, and annual average for an elevated (100-meter) release. For ground-level and elevated releases, the 95 percentile values were the values that were exceeded 5 percent of the time. For ground-level releases, the 5 percent overall site summary tables in the PAVAN output provided the necessary data. For elevated releases, the 5 percent overall site summary tables were not created by PAVAN and the detailed 5 percent overall site results in the PAVAN output were used. Because the summary tables were not created, the X/Q values did not correspond to exactly 50 or 95 percent, and were instead were the X/Q values that corresponded to the largest probabilities less than or equal to 50 or 95 percent.
PAVAN does not explicitly calculate X/Q's for intermediate (i.e., 0-8 hour, 8-24 hour, 1-4 day, and 4-30 day) averaging times. However, the values can be approximated by using the methodology of RG 1.145 (NRC 1983) , which involves logarithmic interpolation between the 0-2 hour and annual average. Tables 7.11 and Table 7 .12 summarize the ground-level 400-m X/Q's for the intermediate averaging times for the 50 th and 95 th percentile, respectively. Tables 7.13 and 1.14 are identical tables, except for the elevated release. Similar tables can easily be constructed for the other downwind distances (i.e., 800, 1600, 3200, and 8000 meter) using logarithmic interpolation between the 0-2 hour and annual average values. For calculations using realistic estimates of dispersion parameters, (e.g., Environmental Report, risk evaluations) the 50% X/Q values are presented in Table 7 .5 for the identified distances from 400 to 8000 meters. 
